INTRODUCTION
============

Various surgical approaches have been described to treat cervical disc disorders causing radiculopathy[@b1-jkns-60-1-30],[@b3-jkns-60-1-30],[@b4-jkns-60-1-30],[@b7-jkns-60-1-30],[@b19-jkns-60-1-30],[@b21-jkns-60-1-30],[@b27-jkns-60-1-30]. Among these approaches, anterior cervical discectomy with bone fusion (ACDF) was developed in the 1950s to achieve direct decompression of the herniated disc fragment[@b6-jkns-60-1-30], and it has been widely adopted for treating of cervical radiculopathy in the past 50 years. However, fusion techniques can increase adjacent segment disease or degeneration after surgery. To decrease these problems and to preserve segmental motion, total disc replacement (TDR) and posterior cervical foraminotomy (PCF) have been developed as alternative surgical techniques[@b8-jkns-60-1-30]--[@b10-jkns-60-1-30],[@b12-jkns-60-1-30],[@b24-jkns-60-1-30],[@b28-jkns-60-1-30]--[@b30-jkns-60-1-30]. Posterolateral soft disc herniation with unilateral radiculopathy is a good indication for both procedures, both of which provide good clinical outcomes. However, there are currently no substantiated comparative biomechanical and clinical results with long-term follow-up. This study was designed to compare the clinical outcomes and biomechanical changes after TDR and PCF with at least 5 years of follow-up.

MATERIAL AND METHODS
====================

Patients
--------

This retrospective study was designed to evaluate surgical procedures for patients presenting with unilateral cervical radiculopathy caused by a posterolateral soft disc herniation. We selected patients who underwent TDR or PCF between January 2006 and December 2008. All patients had single-level disease and only unilateral radiculopathy without myelopathy. Patients with traumatic injury, neoplasm, a previous cervical operation, or myelopathy were excluded.

TDR (group A) and PCF (group B) were performed in 18 and 20 patients, respectively. Complete data with a long-term follow-up evaluation were available for 35 patients (group A: 17, and group B: 18); three patients could not be contacted. Preoperative and perioperative data were obtained by reviewing patients' charts and radiologic examinations, and surgical outcomes were determined based on clinical outpatient follow-up with radiologic examinations. The follow-up period ranged was 60--95 months (mean, 83.2±15.9 months). All patients underwent preoperative computed tomography and magnetic resonance imaging. Preoperative overall sagittal balance and functional segmental unit (FSU; upper and lower vertebral body of operative lesion) angle and height were assessed by preoperative and follow-up static neutral lateral radiographs. C2--7 range of motion (ROM), FSU, and the adjacent segment were also checked by dynamic radiography.

Surgical techniques
-------------------

A conventional anterior cervical approach was used in group A via a transverse incision in all cases. A complete discectomy with sufficient foraminal and central decompression was routinely performed. The posterior longitudinal ligament was routinely removed. A rasp was used to complete the endplate preparation. A rail cutter guide was used to prepare the implant fixation channels. A fixation channel in the endplate was drilled, and a rail punch was impacted into the disc space. The Prestige LP (Medtronics Sofamor Danek, Memphis, TN, USA) disc rails were aligned with the channels on the endplates and inserted. Anterior-posterior and lateral fluoroscopy was performed to verify proper placement. All patients were encouraged to ambulate without neck braces immediately after surgery.

PCF was performed by using a tubular retractor (METRx system; Medtronic Sofamor Danek, Memphis, TN, USA) and a microscope in group B[@b12-jkns-60-1-30],[@b18-jkns-60-1-30]. A skin incision was made approximately 5 mm ipsilateral to the midline at the target level. The cervical fascia was incised equal to the length of the incision using a monopolar cautery, and tubular muscle dilators were serially placed. After dilation was complete, a final working channel (16-mm or 18-mm tubular retractor) was placed over the dilators and fixed over the laminofacet junction with a table-mounted flexible retractor arm, and the dilators were removed. Partial hemilaminectomy and foraminotomy with partial facetectomy at the target level was performed under a microscope. The proximal root was adequately visualized for removal of the compressing disc material. The patients were placed in a soft collar for 2--3 weeks postoperatively.

Assessment of clinical and radiological outcomes
------------------------------------------------

Preoperative and postoperative neurological status, visual analog scale (VAS) score of the neck and arm, and the neck disability index (NDI) were evaluated routinely. Surgery-related complications, such as hoarseness, dysphagia, and cerebrospinal fluid leakage, were also investigated. We regarded the surgery as a success if postoperative NDI improvement was more than 15 points at the final follow-up (minimum 5 years) without repeat surgery.

The overall cervical sagittal balance and FSU angle and height were assessed on preoperative and postoperative static neutral lateral radiographs ([Fig. 1](#f1-jkns-60-1-30){ref-type="fig"}). C2--7 ROM, FSU, and the adjacent segment were assessed by dynamic cervical spine radiographs ([Fig. 2](#f2-jkns-60-1-30){ref-type="fig"}). Lordosis was shown as a negative value, and kyphosis was shown as a positive value. To compare changes in disc height, we also examined FSU height compensated for by radiological magnification errors. The reason we measured FSU height instead of actual disc space height was that endplate milling in TDR made it difficult to compare disc height changes. The incidence of heterotopic ossification (HO) in group A was assessed according to the McAfee classification[@b22-jkns-60-1-30]. We measured the angles with quantitative measurement analysis software on a PACS workstation (Centricity 2.0; General Electric Medical Systems, Milwaukee, WI, USA).

Assessment of patient satisfaction and cognition for surgery
------------------------------------------------------------

We asked the patients 1 year after surgery: "Are you satisfied with the results of surgery?" and "Would you choose the same procedure again?" Additionally, we asked the patients "What do you think was the best benefit of your procedure?"

Statistical analysis
--------------------

Differences in the clinical and radiological results of each group were evaluated by the Wilcoxon signed-rank test with SPSS software for Windows ver. Version 18.0 (SPSS Inc., Chicago, IL, USA).

We applied nonparametric statistical tests exclusively, such as the χ^2^ test, the Fisher's exact test, the *t*-test, and the Mann-Whitney *U* test, as appropriate. The mean values of the groups were compared by using *t*-tests after performing F-tests for homogeneity of variances. A *p*-value\<0.05 was considered significant. Nonparametric correlation analyses were performed using the Spearman-rho rank-ordered correlation coefficient and the Kendall-tau coefficient analyses to detect associations between categorical variables.

RESULTS
=======

Clinical outcomes
-----------------

Patient demographics and preoperative neurological status are summarized in [Table 1](#t1-jkns-60-1-30){ref-type="table"}, [2](#t2-jkns-60-1-30){ref-type="table"}. No differences in these variables were observed between the groups, except length of hospital stay, which may have been associated with early surgical complications ([Table 3](#t3-jkns-60-1-30){ref-type="table"}). The difference in early complication was caused by using the anterior approach.

Clinical outcomes are summarized in [Table 4](#t4-jkns-60-1-30){ref-type="table"}. Preoperative NDI scores in groups A and B were 34.1±5.6 and 33.6±8.4, and the postoperative NDI scores were 9.5±3.4 and 9.9±4.7, respectively. The success rate of group A was 94.1%, which was slightly superior to that of group B (88.9%), but the difference was not significant. No surgical complications were detected in group B, whereas group A had four cases of complications (23.5%), but all were transient. Operating time and hospitalization time were 90.3±17.6 min and 6.9±2.2 d in group A, and 77.4±18.3 min and 4.1±1.8 d in group B, respectively.

Repeat surgery was necessary for a 48-year-old male patient in group B at 4 years after primary surgery. He experienced an ipsilateral recurrent arm pain causing progression of spondylosis ([Fig. 3](#f3-jkns-60-1-30){ref-type="fig"}) and underwent anterior discectomy and fusion.

Radiologic data
---------------

The overall biomechanical data are summarized in [Table 5](#t5-jkns-60-1-30){ref-type="table"}. The preoperative C2--7 angle and FSU in group A were −13.4±11.6 and −0.2±3.8, and the postoperative C2--7 angle and FSU were −14.0±10.4 and 0.4±3.8, respectively. Preoperative C2--7 ROM and FSU were 44.5±6.3 and 10.0±1.6, and the postoperative values were 44.3±5.7 and 8.4±2.1, respectively. Preoperative and postoperative upper level adjacent segment motion values were 8.6±2.3 and 8.4±2.0, and the lower level motion values were 8.4±2.2 and 8.3±1.9, respectively. Preoperative and postoperative FSU heights were 37.0±2.1 and 37.1±1.8, respectively. Postoperative FSU ROM decreased significantly final follow-up (*p*=0.007), which was caused by HO ([Table 6](#t6-jkns-60-1-30){ref-type="table"}). We also found a high rate of HO in group A (70.6%; 12/17). In particular, severe HO (grade III+IV) was directly relevant to segmental motion (29.4%; 5/17). However, the occurrence of HO was not related with clinical outcomes ([Table 7](#t7-jkns-60-1-30){ref-type="table"}).

Preoperative C2--7 angle and FSU in group B were −14.0±10.4 and 0.4±3.8, and postoperative C2--7 angle and FSU were −12.8±9.5 and 0.6±4.5, respectively. Preoperative C2--7 ROM and FSU were 44.9±8.3 and 10.4±1.5, and the postoperative values were 44.0±8.0 and 8.2±1.9, respectively. Preoperative and postoperative upper level adjacent segment motion values were 8.1±2.6 and 8.2±2.8, and the lower level motion values were 6.5±3.3 and 6.3±3.1, respectively. Preoperative and postoperative FSU heights were 37.1±2.0 and 36.2±1.8, respectively. Postoperative FSU motion and height changes were significant compared to those taken preoperatively (*p*\<0.05). The decrease in FSU height tended to be associated with clinical outcomes (*p*=0.068; [Table 7](#t7-jkns-60-1-30){ref-type="table"}). Cervical foraminal stenosis was aggravated by the decrease in FSU height, and it may have increased the arm VAS and NDI scores. Additionally, we compared the degree of biomechanical changes between group A and B. The postoperative change in C2--7 sagittal alignment (group A, 0.1±0.1; group B, 1.2±0.4, *p*=0.043), ROM of FSU (group A, 1.6±0.5; group B, 2.2±0.6, *p*=0.039), and FSU height (group A, 0.1±0.0; group B, 0.9±0.1, *p*=0.033) were significantly higher in group B than those in group A.

Patient satisfaction and cognition for surgery
----------------------------------------------

We asked the patients 1 year after surgery: "Are you satisfied with the results of surgery?" and "Would you choose the same procedure again?" The satisfaction rates of group A and B were 88.2% and 88.8%, respectively. The "yes" rates in group A and B for the second question were 82.3% and 83.3%. Additionally, we asked the patients "What do you think was the best benefit of your procedure?", "Motion preservation" was given by 88.2% of group A patients. However, the group B answers varied: "motion preservation" in 38.9%, "no device use" in 27.8%, and "cost effectiveness" in 22.2%.

DISCUSSION
==========

The primary goal of all operative treatment methods in patients with pure radiculopathy is decreased pain and sensorimotor deficits, as well as restore of working ability and quality of life. These goals can be reached by permanent decompression of the compressed nerve root. Various morphological causes (hard or soft disc or both) can lead to radiculopathy, which is treated using different techniques. These techniques differ in approach, complexity, aim, duration, and complications. We compared perioperative data and long-term outcomes of patients with pure radiculopathy treated at a single institution. These patients underwent decompression, with either anterior microdiscectomy and insertion of an artificial disc or posterior foraminotomy. Although both techniques helped preserve motion, they have different characteristics.

The advantages of TDR are preservation of motion and disc height, familiarity of the approach, and a relatively good long-term result including a lower incidence of adjacent segmental disease. Peng et al.[@b25-jkns-60-1-30] reported that TDR produces significant improvement in clinical outcomes after 2 years. Moreover, TDR restores segmental lordosis and preserves segmental motion up to 2 years postoperatively. In the present study, TDR showed good clinical outcomes, but whether motion preservation was questionable in some cases at a minimum 5-year follow-up. Moreover, TDR has disadvantages, such as HO, implant-related complications, and risk of anterior structural injury[@b2-jkns-60-1-30],[@b17-jkns-60-1-30],[@b22-jkns-60-1-30],[@b23-jkns-60-1-30],[@b26-jkns-60-1-30],[@b31-jkns-60-1-30]. Quan et al. reported that the Bryan TDR maintains favorable clinical and radiological results, preserves movement, and leads to satisfactory clinical outcomes in the majority of cases at the 8-year follow-up[@b26-jkns-60-1-30]. However, HO was evident in 48% of operated segments, and the incidence of HO causing restricted ROM of the prosthesis appeared to increase with time. In the same report, mean VAS score for both neck and arm pain was slightly higher in patients in whom HO developed than in those without HO. In the present study, no statistically significant correlation was detected between HO and clinical outcomes, although HO was evident in 12 of 17 (70.6%) cases. However, the correlation was almost marginal (*p*=0.091), suggesting possible significance in a long-term follow-up. Many studies have examined risk factors for HO after cervical TDR, such as male sex, old age, longer post-operative period, prosthesis type, and preoperative calcification of longitudinal ligaments and osteophyte[@b5-jkns-60-1-30],[@b15-jkns-60-1-30],[@b20-jkns-60-1-30],[@b34-jkns-60-1-30]. The reason for the high incidence of HO in our study was thought to be the difference in sex ratio (male : female=12 : 5) and prosthesis type.

Implant-related complications can be a problem with TDR. Quan et al. reported a case of posterior migration of the implant, whereas Hrabálek reported no implant-related complications, such as migration, loosening, or subsidence[@b26-jkns-60-1-30]. These results are consistent with previous studies, in which incidence of implant-related complications was very low[@b13-jkns-60-1-30],[@b26-jkns-60-1-30],[@b33-jkns-60-1-30]. In contrast with PCF, TDR has a risk of intraoperative or early complications related to the anterior approach including hoarseness, dysphagia, and cerebrospinal fluid leakage. Early complication rates for TDR are 5--30%, and dysphagia is the most common complication[@b2-jkns-60-1-30],[@b17-jkns-60-1-30],[@b23-jkns-60-1-30],[@b31-jkns-60-1-30]. In the present study, two patients (11.7%) had dysphagia after TDR, but no permanent symptoms were observed. Dysphagia after the anterior approach improves gradually over time, and severe complications are rare. However, it is clear that the anterior approach results in a higher complication rate than that of the posterior approach.

PCF also has advantages and disadvantages. The first advantage is that it does not require specialized instrumentation, so no instrument-related complications, such as infection or instrumental failure, occur after PCF. Additionally, PCF is more cost-effective compared with TDR. The cost of PCF in Korean insurance system is about one-half to one-third that of TDR. Four patients (22.2%) in the group B chose cost-effectiveness as an important benefit of PCF, which may be related with patient's satisfaction. Another advantage of PCF is the low complication risk. Because PCF uses a posterior approach, the injury risk to anterior structures, such as the esophagus, carotid artery, and recurrent laryngeal nerve, is eliminated. In contrast, the most common complaint during the early postoperative period is neck pain and discomfort[@b16-jkns-60-1-30],[@b21-jkns-60-1-30]. The extensive incision and dissection during PCF can increase neck discomfort and pain. Because of the slow recovery from this extensive incision, we used a tubular retractor system for minimally invasive surgery. We previously compared the open procedure and the tubular retractor assisted procedure for patients undergoing cervical radiculopathy[@b18-jkns-60-1-30]. The neck pain VAS score after the tubular retractor-assisted procedure was significantly lower than that of the open procedure. The tubular retractor-assisted procedure also decreases the size of skin incision, length of non-steroidal anti-inflammatory drug use, and length of hospital stay. Postoperative kyphosis can also be a problem with PCF. Risk factors associated with postoperative kyphotic deformity are old age, preoperative kyphosis, and extent of laminectomy[@b11-jkns-60-1-30],[@b14-jkns-60-1-30],[@b16-jkns-60-1-30]. Jagannathan et al. reported that patients with postoperative kyphosis had lower quality of life outcomes[@b14-jkns-60-1-30]. In contrast, postoperative kyphosis was not correlated with postoperative clinical outcomes in the present study, which may have been due to including patients who were relatively young and had single-level soft disc disease. Interestingly, decreased FSU height was marginally correlated with the NDI (*p*=0.075) and arm VAS scores (*p*=0.068; [Table 7](#t7-jkns-60-1-30){ref-type="table"}), possibly because of progression of foraminal stenosis may be related with decreased ROM and FSU height. This finding was caused by accelerated degeneration related to injury toe the facet, lamina, and soft tissue during surgery[@b14-jkns-60-1-30]. In addition, C5 nerve root palsy can be a complication of PCF[@b10-jkns-60-1-30],[@b14-jkns-60-1-30],[@b16-jkns-60-1-30],[@b19-jkns-60-1-30]. Fortunately, C5 root palsy did not occur in the present study, possibly because only soft disc disease was treated. Yang reported that risk factors for C5 palsy include ossification of the posterior longitudinal ligament and foraminal stenosis[@b32-jkns-60-1-30]. Soft disc herniation has a lower risk of C5 root palsy than hard disc or foraminal stenosis.

This study had some limitations. First, the data were obtained from a small number of patients and may be biased. Moreover, selection of surgical method was not randomized, although preoperative characteristics were not different between the two groups ([Table 1](#t1-jkns-60-1-30){ref-type="table"}). We explained the advantages and disadvantages of the two procedures to the patients, and the patients selected the surgical procedure. This factor may have influenced the patients' preconception for the surgery. Second, differences in the anterior and posterior approaches could have affected postoperative complications, such as dysphagia, neck pain, and hoarseness. However, the main objective of this study was the biomechanical follow-up results for motion preservation techniques. Also, PCF and TDR are the most popular motion-preservation techniques, and no comparative study has been conducted between the two techniques.

CONCLUSION
==========

TDR and PCF provided favorable clinical and radiological outcomes for patients with unilateral cervical radiculopathy caused by posterolateral soft disc herniation, However, TDR has disadvantages including HO and anterior approach-related complications, and PCF has problems, including disc recurrence, progression of spondylosis, and neck pain. Therefore, we recommend TDR for patients with risks for progressing kyphosis (neck muscle atrophy, preoperative kyphosis, etc), posterior neck pain and re-herniation of a disc. In contrast, we suggest PCF for patients with risks for the anterior approach (structural problems, previous neck surgery, etc) and concerns about cost.

![A : Sagittal balance was measured as the angle between the lower margin of C2 and C7 on a static neutral lateral radiograph. B : Functional segmental unit (FSU; upper and lower endplate of the operative lesion) height was measured as the length from the upper endplate of the superior segment to the lower endplate of the inferior segment at the operated level.](jkns-60-1-30f1){#f1-jkns-60-1-30}

![Range of motion was measured as the difference of the angle on a simple dynamic radiograph.](jkns-60-1-30f2){#f2-jkns-60-1-30}

![Case 1 in the total disc replacement (A). At 5 years after surgery, severe heterotophic ossification was shown on a computed tomography scan, but no clinical symptoms were observed. Case 2 in the posterior cervical foraminotomy (B). The patient complained of recurrent arm pain 4 years after the surgery, so we performed anterior cervical fusion as the revision surgery.](jkns-60-1-30f3){#f3-jkns-60-1-30}

###### 

Patient characteristics

  Variable                               Group A (17 patients)   Group B (18 patients)   *p*-value
  -------------------------------------- ----------------------- ----------------------- -----------
  Mean age (yr, range)                   42.1±5.5 (29--51)       42.8±5.9 (33--49)       0.680
                                                                                         
  Gender (male : female)                 12 : 5                  11 : 7                  0.725
                                                                                         
  Affected lesion                                                                        0.347
   C4--5 (%)                             5 (29.4)                5 (27.8)                
   C5--6 (%)                             7 (41.2)                5 (27.8)                
   C6--7 (%)                             5 (29.4)                5 (27.8)                
   C7--T1 (%)                            0                       3 (16.6)                
                                                                                         
  Duration of symptom (mon, range)       5.1±3.4 (3--16)         4.4±3.0 (1--18)         0.483
                                                                                         
  Surgical time (min, range)             90.3±17.6 (63--119)     77.4±18.3 (52--114)     0.041
                                                                                         
  Length of hospital stay (day, range)   6.9±2.2 (5--18)         4.1±1.8 (3--15)         0.032
                                                                                         
  Follow-up period (mon, range)          82.5±15.4 (61--91)      84.1±16.1 (60--95)      0.783

Group A : total disc replacement. Group B : posterior cervical foraminotomy

###### 

Preoperative neurological statuses

  Symptoms           No. patients in group A (%)   No. patient in group B (%)   *p*-value
  ------------------ ----------------------------- ---------------------------- -----------
  Motor deficits     9 (52.9)                      11 (61.1)                    0.625
  Sensory deficits   13 (76.5)                     14 (77.8)                    0.927
  Pain only          2 (11.8)                      2 (11.1)                     0.952
  Altered reflex     10 (56.8)                     12 (66.7)                    0.631

Group A : total disc replacement. Group B : posterior cervical foraminotomy

###### 

Surgery-related complications

                             No. patients in group A   No. patient in group B   *p*-value       
  -------------------------- ------------------------- ------------------------ ----------- --- --
  Hoarseness                 2                         0                        0           0   
                                                                                                
  Dysphagia                  2                         0                        0           0   
                                                                                                
  Cerebrospinal fluid leak   0                         0                        0           0   
                                                                                                
  Total complications (%)    4 (23.5)                  0 (0.0)                  0.045           

Group A : total disc replacement. Group B : posterior cervical foraminotomy

###### 

Long-term outcomes after the operation

  Variable                                               Group A     Group B     *p*-value
  ------------------------------------------------------ ----------- ----------- -----------
  NDI                                                                            
   Preoperative                                          34.1±5.6    33.6±8.4    0.854
   Postoperative                                         9.5±3.4     9.9±4.7     0.767
                                                                                 
  VAS of neck                                                                    
   Preoperative                                          2.9±1.1     2.9±1.0     0.986
   Postoperative                                         1.1±0.7     1.2±0.9     0.664
                                                                                 
  VAS of arm                                                                     
   Preoperative                                          7.0±1.2     6.9±1.1     0.889
   Postoperative                                         1.3±0.8     1.6±0.8     0.278
                                                                                 
  Success[\*](#tfn5-jkns-60-1-30){ref-type="table-fn"}   16 (94.1)   16 (88.9)   0.581

Values are presented as mean±standard deviation or number (%). Group A : total disc replacement. Group B : posterior cervical foraminotomy.

NDI improvement of more than 15 points at the final follow-up with no device failure or major complication.

NDI : neck disability index, VAS : visual analog scale

###### 

Biomechanical follow-up results

  Variable                 Group A      Group B                                      
  ------------------------ ------------ ----------- ------- ------------ ----------- -------
  Sagittal alignment (º)                                                             
   C2--7                   −13.4±11.6   −13.3±8.8   0.921   −14.0±10.4   −12.8±9.5   0.091
   FSU                     −0.2±3.8     −0.2±4.0    0.977   0.4±3.8      0.6±4.5     0.775
                                                                                     
  ROM (º)                                                                            
   C2--7                   44.5±6.3     44.3±5.7    0.904   44.9±8.3     44.0±8.0    0.133
   FSU                     10.0±1.6     8.4±2.1     0.007   10.4±1.5     8.2±1.9     0.003
                                                                                     
  Adjacent segment                                                                   
   Upper                   8.6±2.3      8.4±2.0     0.340   8.1±2.6      8.2±2.8     0.753
   Lower                   8.4±2.2      8.3±1.9     0.718   6.5±3.3      6.3±3.1     0.268
                                                                                     
  FSU height (mm)          37.0±2.1     37.1±1.8    0.178   37.1±2.0     36.2±1.8    0.011

Values are presented as mean±standard deviation. Group A : total disc replacement. Group B : posterior cervical foraminotomy. FSU : functional segmental unit, ROM : range of motion

###### 

Incidence of heterotopic ossification in Group A

  McAfee class   No. of patient (%)
  -------------- --------------------
  0              5 (29.4)
  I              4 (23.5)
  II             3 (17.6)
  III            2 (11.8)
  IV             3 (17.6)

Group A: Total disc replacement

###### 

Relationship between clinical outcomes and the presence of heterotopic ossification in group A and sagittal alignment C2--7, ROM, and FSU height in group B

  Variable                                                       *p*-value           
  -------------------------------------------------------------- ----------- ------- -------
  Group A                                                                            
   Heterotopic ossification (Spearman correlation coefficient)   0.143       0.451   0.091
                                                                                     
  Group B                                                                            
   Sagittal alignment C2--7                                      0.471       0.451   0.385
   ROM of FSU                                                    0.560       0.519   0.491
   FSU height                                                    0.075       0.195   0.068

Group A : total disc replacement. Group B: posterior cervical foraminotomy.

NDI : neck disability index, VAS : visual analog scale, FSU : functional segmental unit, ROM : range of motion
